This article focuses on the changes of climatic characteristics used in highway engineering following global climatic changes and the effect of these changes on pavement design. Along with traffic load, the climatic conditions belong to the external factors affecting the physical and mechanical properties of pavements. The climatic characteristics are defined by the average daily air temperature, the average annual temperature and the frost index (during winter period). In this article, measurements of air temperature from five meteorological stations in Slovakia during the period from 1971 to 2011 are evaluated. The calculated values of frost index provide good correlation dependence of frost index for a height above sea level. Using calculated values of frost index based on the long-term temperatures measuring can leads to reduction of pavement thickness. The using of the objectified correlation dependence of frost index is precondition for creating successful objectification of spending money on building roads, which belong to the financially demanding civil engineering structures.
Introduction
Climatic conditions represent the other important factor influencing pavement mechanics besides traffic loading. Climatic characteristics that are necessary for studying of pavement behaviour are air temperature, minimum and maximum air temperature, frost index, sun radiation, rainfall, atmospheric moisture and others. Air temperature changes during day and year cycles develop changes of strength and deformation characteristics of particular pavement layers and pavement subgrade. These changes influence pavement serviceability and pavement bearing capacity. The effect of temperature change on pavement serviceability is mainly in summer and winter period of year. The higher temperatures of asphalt layers cause permanent deformation and low temperatures on surface create the cracks caused by thermal stress (Fig.1) . Frost is also destructive for all structural systems (pavement and subgrade), particularly in conjunction with water. The effects of frost can be conditioned by the intensity of freezing, its duration, and the effect of very low temperatures and the alternation of temperatures below and above zero during the winter period. Climatic conditions influence service life of materials, layers and pavements. Therefore, climatic characteristics are implemented to calculation systems of pavement constructions in many countries. The importance of climatic conditions also increases in the context of global climatic processes and changes, especially air temperatures. For the purposes of traffic engineering, climate is usually described by the following characteristics:
average annual temperature Tm, number of snow, ice and frost days, amount and intensity of rainfall, frost index Im.
Most of these characteristics are obtained from the measurements of air temperatures. According to international conventions, temperature is measured at 2m height above ground and at 7, 14 and 21 hours during the day. These temperature measurements are regularly performed by the Slovak Hydro-meteorological Institute in Bratislava. The impact of climatic conditions on asphalt roads is one of the research activities provided at the University of Žilina in the long-term [1] to [4] .
Climatic characteristics, daily and year characteristics
The air temperature changes cyclically achieving minimum and maximum values. In practice, the daily temperature flow is expressed by average daily air temperature Ts, which is calculated as:
where subscripts 7, 14 and 21 represent the measurement time of air temperature T in °C . The temperature of pavement structures changes along with the change of air temperature. Examples of specific changes in asphalt pavement construction layers and subgrade are presented in Fig. 2 .
Average annual air temperature Tm is the next important parameter of climatic conditions. It is expressed by the following formula: 
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From earlier presented results [2] , the time behaviour of air temperatures has an increasing character and confirms changes of thermal characteristics in consequence of global changes. From highway engineering point of view, the most important characteristic of winter period is frost index Im (in °C , day. It is climatic quality expressing the intensity and the duration of frost period. The frost index is defined as maximum negative value of summary of average daily air temperatures Ts in winter period: ( 3 ) where: tz is beginning of winter period, tk is end of winter period.
Similarly the thermal index It represents summer thermal conditions. It is defined as summary of average daily air temperatures that are higher than 20 °C in summer period. For the practice, the design value of frost indexes Im,n determined statistically from long-term monitoring is also used. The research activities of authors focused on determining the changes of average air temperature and frost index in time and a relation between the frost index values and a height above sea level. The aim of the paper was determine dependence of frost index on a height above sea level. The designed value of frost index is determined according to periodicity of occurrence n (0.10; 0.15 or 0.25). The statistical data of frost index during 40 years (19971 -2011) depending on a height above sea level are shown in the following Fig. 7 -Fig.  8 following periodicity.
The determinant factors R 2 (0.9905 -0.9985) indicate good linear dependence between the frost index values and the height above sea level. Fig. 7 The frost index versus a height above sea level for periodicity n=0.10 and n=0.15. Fig. 8 The frost index versus a height above sea level for periodicity n = 0.25.
The using of climatic characteristics in road pavement design
For the scope of pavement construction design and evaluation, the following Slovak basic standards and regulations are used:
STN 73 6114 Pavement of roads. General provisions for design, 1997 [6] , STN 73 6133 Road Building. Roads embankments and subgrades, 2010 [7] , TP 3/2009 The design of flexible and semi-rigid pavements, MDPaT SR, 2009 [8] .
From point of view of climatic conditions, the assessment of pavement protection against frost heave effect is a criteria used in pavement design. Pavement design according to [6] and [8] The required thermal resistance of the road pavement in cases with mild frost susceptibility, normal frost susceptibility and dangerous frost susceptibility of subgrade soil is given by the equation: ( 5 ) where Im,n is designed value of the frost index at periodicity n .
The frost index is relevant input data for dimensioning of road pavement (design and analysis based on thermal resistance). The designed value of a frost index Im,n is as standard determined using the Map of average year air temperatures in Slovakia [6] . Statistically calculated values of frost index (from measuring air temperatures during the years 1971 to 2011) vary from designed values from the map. These calculated values are minor and they indicate the global rise of temperatures.
In the next part, an example of an effect of frost index value on road pavement design mainly on a pavement thickness is presented.
Road section D1 Jánovce -Jablonov type of pavement : Asphalt pavement, max. height of alignment: 600 m above sea level, designed value of frost index determined according to [6] : Im,n=0,10 = 700 °C, day, calculated value of frost index according to dependence on a height above sea level (Fig.7) : Im,n=0,10 = 570 °C, day.
As observed, values of frost index are different. The difference is 130 °C , day. A composition of designed asphalt pavements using designed and calculated values of frost index is shown in Table 1 . The asphalt pavement design was performed using specifications as frost index Im,n (designed value and calculated value), which allowed freezing depth hz,dov = 0.7 m and a coefficient of thermal conductivity of subgrade material (gravel sand) z = 2.3 W.m -1 .K -1 . Optimized design of asphalt pavement construction was carried out based on the assessment of pavement protection against frost heave effect. The total thickness of asphalt pavement designed using the objectified correlation dependences of the frost index values on the height above sea level (period from 1971 to 2011) is 9 cm lower than for design according to [6] .
Road section D1 Hri ovské Podhradie -Lietavská Lú ka tunnel Ov iarsko
type of pavement: Cement concrete, height of west portal of Ov iarsko tunnel: 359 m above sea level (Fig. 9) , designed value of frost index determined according [6] : Im,n=0,10 = 450 °C, day, calculated value of frost index according to dependence on a height above sea level ( Fig.7) : Im,n=0,10 = 408 °C, day. The total thickness of pavement designed using the objectified correlation dependences of the frost index values on the height above sea level (period from 1971 to 2011) is 4 cm lower than for design according to [6] . 
Conclusion
The climatic characteristics as the average daily air temperature, the average annual temperature and the frost index (during winter period) are relevant input data for dimensioning of road pavement (design and analysis based on thermal resistance). Theirs precise determination is very important. The quality of materials and the quality of production determine the long-term performance, durability and serviceability of pavements [5, 9] .
The presented paper analyses two important problems with scope of pavement design methods: the trend of changes of climatic characteristics used in highway engineering following global climatic changes and then, the effect of these changes on pavement design.
The calculated values of frost index from measuring daily air temperature during period from 1971 to 2011 indicate the global rise of temperatures. The statistically processed measurements of air temperature (from five meteorological stations in Slovakia) during monitoring period of 40 years present a good linear correlation dependence between the frost index values and the height above sea level.
The importance of observed correlation dependences was illustrated in two cases of pavement design. Using calculated values of frost index due to long-term temperature measuring shows a reduction of pavement thickness. The presented results of research can almost immediately be used in the design of road pavements for the conditions of SR. The usage of the objectified correlation dependences of frost index is a precondition for creating a successful objectification of spending money on building roads, which belong to the financially demanding civil engineering structures.
